Introduction {#S1}
============

In the last two decades, emerging evidence from the gene--environment (GxE) interaction literature has allowed an increased knowledge about underpinning mechanisms responsible for the onset and maintaining of psychological difficulties in childhood ([@B1]). In particular, in accordance with the Developmental Psychopathology theoretical framework ([@B2]), psychopathological risk has been defined as the result of a complex and dynamic interplay between genetic and environmental risk factors; this perspective is known as a "multiple levels of analysis" approach ([@B3], [@B4]). Recent research provided evidence that epigenetics may serve as possible pathways through which relational experiences interact with genes and produce (and/or sustain) changes in behavior. It has been proposed that epigenetic alterations are biological responses to environmental input. Moreover, these modifications seem to have a role in the onset and maintaining of psychopathology ([@B5], [@B6]). Among environmental risk factors, several studies have shown that parents' psychopathological problems are crucial in affecting children's mental health ([@B7]), fostering the onset of both internalizing and externalizing problems ([@B8], [@B9]). Furthermore, a life-long stability of these psychopathological symptoms in children has also been evidenced ([@B10], [@B11]), which in turn would contribute to further intergenerational transmission of psychopathological risk throughout the life span. The biological factors underlying this kind of transmission have been suggested to be related with both epigenetic modifications (i.e., histone acetylation or DNA methylation) and genotype vulnerability (i.e., allelic polymorphism). In particular, a large body of research has evidenced that human behavior and mood are regulated primary by various neurotransmitters, particularly serotonin and dopamine, which act at synapses by stimulating or inhibiting the flow of an impulse between neurons in the crucial limbic and/or cortical brain areas ([@B12], [@B13]). Consequently, a dysregulated neurotransmitter activity may stem from altered release or reuptake; this may be due to changes in function or expression of key proteins, which has been associated, in turn, with (epi)genetic variability at both levels of allelic genotype and of acetylation/methylation ([@B14], [@B15]). This, nowadays, represents a central process to understand alterations of affective--behavioral functioning.

Genetic polymorphism has been defined as the occurrence of variation in a gene, resulting in the presence of two or more alleles at one locus in a determined population, where the minimum frequency of the least common allele is 1% or more ([@B16]). Epigenetic mechanisms refer to any process affecting the regulation and expression of genetic functions and ultimately modulating the protein levels in the brain, without alterations in the DNA sequence ([@B17]). Generally, DNA methylation occurs in cytosines that are adjacent to guanines, known as CpG sites, although it has also been reported that DNA methylation can occur in other, non-CpG cytosines. Methylation at CpG sites located in the promoter region of a gene typically represses its expression ([@B18]). DNA methylation, one of the most studied epigenetic modifications involved in numerous biological processes ([@B19]), is associated with reduced gene expression, which are hypothesized to produce modification in child's development, including an increased risk for the onset of psychopathology ([@B20], [@B21]). This process is potentially heritable but environmentally modifiable, especially by early stressful experiences ([@B22], [@B23]), such as childhood abuse/maltreatment ([@B24]), interparental conflict ([@B25]), low socioeconomic status ([@B26]), and parental psychopathological difficulties ([@B27]).

Dopamine is an important neurotransmitter playing a key role in many functions, including implicit and incentive learning, motivation ([@B28]), goal- and reward-seeking ([@B29]), aggression ([@B30]), and cognitive--behavioral processes functional in exploration ([@B31]), in novelty- and sensation-seeking ([@B32]) as well as in affiliative behaviors ([@B33]). Levels of this neurotransmitter depend on the activity of the dopamine transporter (DAT), which mediates the reuptake of released dopamine into the pre-synaptic terminal, thus terminating its action. It is very susceptible to epigenetic modifications ([@B34]). In humans, DAT1 has a polymorphic 40--base pair (bp) variable number of tandem repeats (VNTR) in the 3′-untranslated region (3′ VNTR). It can be repeated 3--11 times ([@B33]), but several studies have evidenced that the actually most frequent polymorphisms of SLC6A3 are 9- or 10-repeat ([@B35]). Although it plays a crucial role in the genesis and maintenance of emotional--behavioral difficulties, to date very few studies have focused on possible association between epigenetic status of the promoter, particularly the 5′-untranslated region (5′-UTR), of the dopamine transporter 1 gene (DAT1, also known as SLC6A3) and children psychopathological risk ([@B36], [@B37]). Our group has been one of the first in this regard ([@B38]). In this regard, we found that children with ADHD have significantly lower DAT methylation levels if compared to a healthy control group. The association between methylation level and the severity of symptomatology were also dependent on the genotype, with children carrying a 10/10 polymorphism showing greater psychopathological difficulties ([@B38]).

Furthermore, although several genetic studies have supported the growing evidence that the effects of familial environment on children's emotional--behavioral functioning depend on the child's genetic features ([@B39]--[@B42]), the findings are yet overall inconsistent. It is warranted to try improving the focus on epigenetic mechanisms, which could be responsible for mediating the effect of genotype × environment on children psychopathological difficulties ([@B43], [@B44]). As our previous study ([@B38]) has suggested, the association between methylation of DAT and children's emotional--behavioral functioning was conditional on child's vulnerability in their genotype (i.e., 10/10 polymorphism); however in that study, we did not take into account the role played by possible difficulties if not psychopathology in their parents. Actual child behavior may reflect the quality of interaction between paternal/maternal skills and individual ADHD temperament, in that severe ADHD may well incorporate a contribution by poor coping ability of the parents.

Based on the above premises and literature gap, the present study aimed to investigate the correlations and possible causal links between parental and offspring bio-genetics (presence of the 10-repeat allele in the 3′ VNTR region and methylation status of the 5′-UTR, both of DAT1 gene) and psychological--environmental factors (parental psychopathological symptoms and children's emotional--behavioral functioning). In particular, we preliminary verified possible differences in methylation values between subjects with or without allele with 10 repeats in DAT1; then, given that correlations between psychological characteristics in parents and their children has been already ascertained by several studies in the Developmental Psychopathology framework ([@B45]--[@B48]), we explored: (1) correlations between biological, genetic, and psychological characteristics within the same individual (i.e., children, mothers, and fathers separately); (2) correlations between parental and offspring biological--genetic characteristics; (3) predictive effect of parental psychopathological symptoms on children's biological--genetic characteristics; and (4) predictive effect of children's biological--genetic characteristics on their own emotional--behavioral functioning.

Rooting on previous literature cited above, we hypothesized an association between biological, genetic, and psychological characteristics within the same individual and between parents and children. Moreover, we hypothesized a correlation between parental (especially maternal) biological--genetic characteristics and offspring psychopathological symptoms.

Materials and Methods {#S2}
=====================

Sample Recruitment {#S2-1}
------------------

Due to collaboration of public Primary Schools in the Center of Italy, we recruited 63 families with 6--10 years old children. In accordance with the Declaration of Helsinki, the study was approved before its start by the Ethical Committee of the Department of Dynamic and Clinical Psychology at Sapienza, University of Rome (protocol number 27/2016). Informed consent procedures included orally informing the children (using age-adequate approaches) and illustrating to parents the aims and scope of the study and all procedures and measures; the parents gave their written informed consent for their child to participate in this study. In addition, we declare that collected biological materials were used solely to the purpose of this study.

Procedure for Biological Sampling {#S2-2}
---------------------------------

After receiving the consent of the primary school headmaster, a group of psychologists, specifically trained for the purposes of the study, reached children and parents at school premises. Participants (both parents and children) were assessed through buccal swabs (Isohelix Swab Pack). Buccal cell sampling is a feasible, non-invasive method that yields reproducible results also in DNA methylation studies ([@B49]). Subjects were aware of not having to eat (including chewing gum, candy, etc.), drink (except water), smoke, and brush their teeth for at least 1 h before sampling. Epithelial cell samples were carefully collected through the buccal swabs. The biological samplings were transported, slightly chilled by normal ice (+4°C), to the laboratories of the co-author, Esterina Pascale, for further processing.

After buccal swabs were gathered, mothers and fathers filled out independently self-report and report form questionnaires (described below). The order of administration of these measures was randomly selected. The following tools were chosen because they are very widely used and proved to be able to capture a wide range of difficulties that can be experienced by adults and children in general population ([@B50], [@B51]).

Assessment of Parents' Psychopathological Symptoms {#S2-3}
--------------------------------------------------

Parents were administered the Symptom Check-List-90 item-Revised (SCL-90-R), a 90-item self-report questionnaire. It measures psychological symptoms and psychological distress in adult from general and clinical population ([@B52]). The SCL-90-R is rated on a Likert scale of 0 (not at all) to 4 (extremely) and asks participants to report if they have suffered in the past week from symptom such as: Headaches (*Somatization scale*), Trouble remembering things (*Obsessive-Compulsivity scale*), Feeling critical of others (*Interpersonal Sensitivity scale*), Blaming oneself for things (*Depression scale*), Feeling fearful (*Anxiety scale*), Feeling easily annoyed or irritated (*Hostility*), Feeling afraid to will faint in public (*Phobic Anxiety*), Feeling watched or talked about by others (*Paranoid Ideation scale*), and The idea that something is wrong with one's mind (*Psychoticism scale*). Besides these nine primary scales, the questionnaire provides a Global Severity Index (GSI), used to determine severity and degree of psychological distress. The SCL-90-R showed good internal coherence (α = 0.72--0.96) in this study (Italian validated version, 51).

Assessment of Children's Emotional Behavioral Functioning {#S2-4}
---------------------------------------------------------

Parents also filled out the Italian version of the Child Behavior CheckList/6--18 ([@B51], [@B53]), which is one of the most widely used instruments to assess child and adolescent psychopathology both in epidemiological and clinical samples. The CBCL/6--18 is a 113-item informant-report questionnaire, which asks parents (independently) to rate specific emotional--behavioral problems of their child during the past 6 months. Items are rated on a 3-point Likert scale, ranging from "0" (not true) to "2" (very true or often true), and they are grouped into eight empirically based syndrome scales: anxious/depressed, withdrawn/depressed, somatic complaints, social problems, thought problems, attention problems, rule-breaking behavior, and aggressive behavior. These subscales are, in turn, combine in three broad-band scales: internalizing problems scale is comprised of items from the anxious/depressed, withdrawn-depressed, and somatic complaints scores; externalizing problems combines rule-breaking and aggressive behavior. There also is a total problems score, which is comprised the scores of all the problem items. For this study, the *T* scores of the internalizing and externalizing problems, and a total problems *T* score from both mother and father reports were used ([@B53]). Mean test--retest reliabilities of *r* = 0.88 have been reported for the school-age forms ([@B53]). In this study, statistical analyses were performed on raw scores. Furthermore, as suggested by several studies ([@B54]--[@B56]), data were obtained by mothers and fathers (independently). In fact, international literature has emphasized that parents may be discordant in the observation of their children.

DNA Isolation and Genotyping {#S2-5}
----------------------------

Buccal cell DNA isolations were performed using the Buccal-Prep Plus DNA isolation kit (Isohelix) according to the manufacturer's instructions. The yield of DNA is usually between 3 and 10 µg. The 3′-UTR repeated sequence of DAT was amplified by the polymerase chain reaction (PCR) as it has been described previously ([@B38], [@B57]).

Analysis of DNA Methylation {#S2-6}
---------------------------

DNAs from the buccal swabs were further processed for assessing amount of methylation in the DAT 5′-UTR sequence (notably, not the transcription promoter region). Amount of methylation was determined in six specific CpG residues \[termed M1, M2, M3, M5, M6, and M7; see Figure [1](#F1){ref-type="fig"}, reproduced with permission of Springer, license n. 4198250303549, from Adriani et al. ([@B38])\]. Notably, M1--M3 represent a CGGCGGCGG motif, while M5/M6 represents a CGCG motif. The following primers (5′--3′) were used to amplify the gene for DAT: Fwd, AGCTACCATGCCCTA TGTGG; Rev, ATCAGCACTCCAAACCCAAC. Bisulfite-treated DNA was amplified by PyroMark PCR Kit (Qiagen, Hilden, Germany) in accordance with the manufacturer's protocol. PCR conditions were as follows: 95°C for 15 min, followed by 45 cycles of 94°C for 30 s, 56°C for 30 s, 72°C for 30 s, and, finally, 72°C for 10 min. PCR products were verified by agarose electrophoresis. Pyrosequencing methylation analysis was conducted using the PyroMark Q24 (Qiagen, Hilden, Germany). The level of methylation was analyzed using the PyroMark Q24 Software (Qiagen, Hilden, Germany), which calculates the methylation percentage \[mC/(mC + C)\] for each CpG site, allowing quantitative comparisons (mC is methylated cytosine and C is unmethylated cytosine).

![\[Reproduced with permission of Springer, license no. 4198250303549, from Adriani et al. ([@B38])\]. Sequence of the 5′-untranslated region in the DAT gene, with localization of six chosen CpG residues. Our recent experimental work ([@B58]) discovered three out of six residues, which are relevant and useful for the purpose of association with the profile of ADHD symptoms' severity. The same residues were used in this study.](fpsyt-08-00303-g001){#F1}

Statistical Analysis {#S2-7}
--------------------

A preliminary screening of data showed few data missing for each psychometric instrument (3% for each instrument). Missing data were corrected using multiple imputation in SPSS software (version 23.0). To verify the possible differences in the state of methylation in subjects with 10-repeat allele polymorphism, preliminary descriptive analyses and a *T*-test for independent samples were carried out. Furthermore, bivariate Pearson correlations were conducted to verify aims 1 and 2 and regression analysis were conducted to verify aims 3 and 4 (see above in this manuscript). Also, we tested for the impact of confounding variables, such as smoking, alcohol use, concurrent medical illness, and traumatic experiences. All presented results were adjusted for these confounding variables.

Results {#S3}
=======

Sample Characteristics {#S3-1}
----------------------

For the aims of this study, the following cases were excluded from the sample: families with children with mental and/or physical disability (*N* = 4); families in which one or both parents could not understand the Italian language (*N* = 9); families who did not complete all the psychometric tools (*N* = 7); families in which one or more members were following a psychoactive pharmacological or psychological treatment (*N* = 10); families in which parents were not the biological parents of the child (*N* = 3); and families who refused to participate in the study (*N* = 9). Participants included 21 children (12 females and 9 males with age ranging from 6 to 10 years; average age 7.43 years and SD, 1.53), their mothers (average age 42.33 years and SD 5.21), and fathers (average age 44.91 years and SD 5.26). Most of the families recruited for the study (85.7%) had a middle socioeconomic status ([@B59]), and a large majority (95.2%) comprised intact family groups. Ninety percent of the families were Caucasian, and 80.9% relied on more than one income. Confounding variables (such as alcohol use, smoking, drugs of abuse, current medical illness, traumatic experiences, and social-economic status) were assessed through an anamnestic questionnaire, specifically created for this study.

Figure [2](#F2){ref-type="fig"} shows the distribution of dopamine transporter gene among mothers, fathers and children.

![Mothers', fathers', and children's dopamine transporter gene (DAT1).](fpsyt-08-00303-g002){#F2}

Furthermore, Table [1](#T1){ref-type="table"} shows average scores and SDs of mothers and fathers' psychopathological risk of parents, according to the subscales of the SCL-90-R, and the scores of the children's emotional--behavioral functioning at questionnaires filled out by mothers and fathers.

###### 

Average scores and SDs of mothers' and fathers' scores on SCL-90-R and CBCL-16/18.

                                Mothers        Fathers
  ----------------------------- -------------- --------------
  Somatization                  0.45 (0.45)    0.24 (0.29)
  Obsessive-compulsivity        0.44 (0.56)    0.29 (0.44)
  Interpersonal sensitivity     0.24 (0.39)    0.21 (0.35)
  Depression                    0.28 (0.28)    0.2 (0.29)
  Anxiety                       0.3 (0.36)     0.2 (0.3)
  Hostility                     0.19 (0.23)    0.24 (0.42)
  Phobic anxiety                0.05 (0.13)    0.01 (0.06)
  Paranoid ideation             0.33 (0.39)    0.31 (0.42)
  Psychoticism                  0.13 (0.23)    0.09
  Global Severity Index         0.27 (0.32)    0.2 (0.26)
  CBCL internalizing problems   50.62 (9.53)   48.38 (8.88)
  CBCL externalizing problems   46.95 (9.97)   45.24 (8.57)
  CBCL total problems           47.9 (8.54)    46.86 (9.91)

Differences in Methylation Values between Subjects with or without DAT1 10-Repeat Allele {#S3-2}
----------------------------------------------------------------------------------------

Preliminarily, we wanted to verify possible differences in the state of methylation of DAT1 based on the presence of the 10-repeat allele on DAT1 gene; thus, an independent samples *T* test has been conducted. Independent variables were a two-level genotype groups, based on the number of 10-repeat allele copies (group 9/10, with one allele "10" and group 10/10, with two alleles "10"), while dependent variables were the levels of methylation of DAT1 5′-UTR at all considered sites \[M1, M2, M3, M5, M6, and M7; see Ref. ([@B38]), for the rationale of this choice\]. Results showed that there were no differences between groups on levels of methylation, neither in mothers (at all CpG sites *p* \> 0.05), fathers (at all CpG sites *p* \> 0.05), and child (at all CpG sites *p* \> 0.05).

Aim 1: Correlations between Biological and Psychological Characteristics within the Same Individual (Mothers, Fathers, and Children) {#S3-3}
------------------------------------------------------------------------------------------------------------------------------------

Bivariate Pearson correlation analyses were performed separately for mothers, fathers and children. In mothers and fathers, we verified the possible presence of correlations between the methylation levels at the six-selected CpG sites (of DAT1 5′-UTR) and psychopathological symptoms (correlations run between all SCL-90-R subscales and at all loci of DAT methylation, for mothers and fathers). Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"} shows significant correlations.

###### 

Correlation between mothers' CpG site methylation of DAT1 5′-untranslated region and their own psychopathological symptoms.

                                                                 CpG sites                                                                                    
  ---------------- --------------------------------------------- ---------------------------------------------- --------------------------------------------- ----------------------------------------------
  SCL-90-R         Anxiety                                       *r* = −0.14[^a^](#tfn2){ref-type="table-fn"}   *r* = −0.48[\*](#tfn1){ref-type="table-fn"}   *r* = −0.21[^a^](#tfn2){ref-type="table-fn"}
  Phobic anxiety   *r* = −0.45[\*](#tfn1){ref-type="table-fn"}   *r* = −0.49[\*](#tfn1){ref-type="table-fn"}    *r* = −0.53[\*](#tfn1){ref-type="table-fn"}   

*\*p \< 0.05*.

*^a^Not significant (Ns)*.

###### 

Correlation between fathers' CpG site methylation of DAT1 5′-untranslated region and their own psychopathological symptoms.

                                     CpG site methylation
  ---------- ----------------------- -----------------------------------------------
  SCL-90-R   Depression              *r* = −0.56[\*\*](#tfn4){ref-type="table-fn"}
             Anxiety                 *r* = −0.50[\*](#tfn3){ref-type="table-fn"}
             Hostility               *r* = −0.45[\*](#tfn3){ref-type="table-fn"}
             Psychoticism            *r* = −0.52[\*](#tfn3){ref-type="table-fn"}
             Global Severity Index   *r* = −0.44[\*](#tfn3){ref-type="table-fn"}

*\*p \< 0.05*.

*\*\*p \< 0.01*.

For children, we verified the possible presence of correlations between the methylation levels at the six selected CpG sites (of DAT1 5′-UTR) and their own (parent-reported) emotional--behavioral functioning (correlations run between all CBCL/6--18 subscales, as reported by mothers and fathers, and at all children's loci of DAT methylation). Table [4](#T4){ref-type="table"} shows significant correlations.

###### 

Correlation between children's CpG site methylation of DAT1 5′-untranslated region and their own emotional--behavioral functioning.

                                                CpG site methylation                          
  -------------------- ------------------------ --------------------------------------------- ---------------------------------------------
  CBCL/6--18_mothers   Somatic complaints       *r* = 0.48[\*](#tfn5){ref-type="table-fn"}    *r* = 0.15[^a^](#tfn6){ref-type="table-fn"}
                       Internalizing problems   *r* = 0.47[\*](#tfn5){ref-type="table-fn"}    *r* = 0.36[^a^](#tfn6){ref-type="table-fn"}
                       Withdraw                 *r* = 0.33[^a^](#tfn6){ref-type="table-fn"}   *r* = 0.46[\*](#tfn5){ref-type="table-fn"}
  CBCL/6--18_fathers   Attention problems       *r* = 0.51[\*](#tfn5){ref-type="table-fn"}    *r* = 0.27[^a^](#tfn6){ref-type="table-fn"}

*\*p \< 0.05*.

*^a^Ns*.

Aim 2: Correlations between Parental and Offspring Biological Characteristics {#S3-4}
-----------------------------------------------------------------------------

We carried out bivariate Pearson correlations to verify the presence of correlations between parents and children's DAT methylation (at all considered CpG sites). Results showed no significant correlations between mothers and children's DAT methylation. Instead, significant correlations were found between fathers' methylation at CpG M1 and children's methylation at CpG M3 (*r* = 0.45; *p* \< 0.05; Figure [2](#F2){ref-type="fig"}), fathers' methylation at M5 and children's methylation at M3 (*r* = 0.53; *p* \< 0.05; Figure [3](#F3){ref-type="fig"}), and fathers' methylation at M1 and children's methylation at M6 (*r* = 0.56; *p* \< 0.01). Figure [3](#F3){ref-type="fig"} shows scatter plots of correlations between fathers' methylation vs. children's methylation at different CpG positions.

![Scatter plots of correlations between fathers' methylation vs. children's methylation.](fpsyt-08-00303-g003){#F3}

Aim 3: Predictive Effect of Parental Psychopathological Symptoms on Children's Biological Characteristics {#S3-5}
---------------------------------------------------------------------------------------------------------

Linear regression analysis has been performed using mothers and fathers' SCL-90-R GSI as predictors, and children's methylation of DAT (in all CpG sites) as dependent variables. Results showed that mothers' GSI predicted children's levels of methylation particularly at CpG M2 (*R*^2^ = 0.33; β = 0.57; *t* = 3.07; *p* \< 0.01) and at CpG M6 (*R*^2^ = 0.25; β = 0.5; *t* = 2.53; *p* \< 0.01), whereas its predictive power on methylation at CpG M3 was weaker (*R*^2^ = 0.21; β = 0.46; *t* = 2.26; *p* \< 0.05). Furthermore, fathers' GSI predicted children's levels of methylation particularly at CpG sites: M2 (*R*^2^ = 0.45; β = 0.67; *t* = 3.98; *p* \< 0.01), M5 (*R*^2^ = 0.43; β = 0.66; *t* = 3.82; *p* \< 0.01), and M6 (*R*^2^ = 0.39; β = 0.62; *t* = 3.46; *p* \< 0.01), whereas its predictive power on methylation at M1 (*R*^2^ = 0.23; β = 0.48; *t* = 2.37; *p* \< 0.05), M3 (*R*^2^ = 0.3; β = 0.54; *t* = 2.82; *p* \< 0.05), and M7 (*R*^2^ = 0.25; β = 0.5; *t* = 2.5; *p* \< 0.05) was weaker. Figure [4](#F4){ref-type="fig"} shows the relationships between the investigated variables, with the relative regression indices and arrows in bold indicating stronger predictive power.

![Predictive effect of parents' psyche-pathological risk on children's level of methylation, as a function of the specific CpG site at DAT1 5′-untranslated region.](fpsyt-08-00303-g004){#F4}

Aim 4: Predictive Effect of Children's Biological Characteristics on Their Own Emotional--Behavioral Functioning {#S3-6}
----------------------------------------------------------------------------------------------------------------

As Figure [4](#F4){ref-type="fig"} shows, mothers and fathers' psychopathological risk predicted children's methylation of DAT at specific CpG sites. As seen in the previous analysis (see Table [4](#T4){ref-type="table"}), methylation of DAT at CpG M2 and M6 loci were correlated with some of the subscales of CBCL 6--18 (somatic complains, internalizing problems, attention problems, withdraw), concerning the children themselves.

Therefore, we verified whether the children's scores on these sub-dimensions were predicted by children's methylation.

At this aim, we carried out linear regression analysis using methylation of DAT as predictors, while the subscales of CBCL/6--18 questionnaires compiled by mothers and fathers were used as dependent variables. Children's methylation of DAT at CpG M2 predicted scores of somatic complaint (*R*^2^ = 0.2; β = 0.45; *t* = 2.18; *p* \< 0.05) and internalizing problems reported by mothers (*R*^2^ = 0.22; β = 0.47; *t* = 2.31; *p* \< 0.05), and attention problems reported by fathers (*R*^2^ = 0.26; β = 0.51; *t* = 2.6; *p* \< 0.05). Furthermore, children's methylation of DAT at CpG M6 predicted scores of withdraw reported by mothers (*R*^2^ = 0.22; β = 0.46; *t* = 2.29; *p* \< 0.05). Figure [5](#F5){ref-type="fig"} shows the relationships between the investigated variables, with the relative regression indices and arrows in bold indicating stronger predictive power.

![Predictive effect of children's biological characteristics (CpG methylation at DAT1 5′-untranslated region) on their own emotional--behavioral functioning.](fpsyt-08-00303-g005){#F5}

Discussion {#S4}
==========

The present study used a bio-psycho-social model, incorporating biological and genetic measures in the psychosocial--environmental perspective of Developmental Psychopathology, which widely demonstrated that negative developmental outcomes in children are linked to mothers and fathers' psychopathological risk ([@B60]). Several authors in genetic and biological research have focused on the dopaminergic system (central and peripheral) as a crucial feature regulating emotional--behavioral functioning in children, as it is highly involved in attentional, motivational, and reward mechanisms ([@B57], [@B61]--[@B63]). These mechanisms regulate and shape interactional human characteristics and can modulate offspring capacity to cope with their parents' psychological problems. Therefore, we chose to study DAT methylation and genotype, adding to previous literature by including fathers in our study and focusing on school-age children in a community sample.

Our previous study ([@B38]) and other authors ([@B64]) found that DAT methylation levels in offspring were correlated to their 10/10 3′-VNTR genotypes, in turn related to a more severe ADHD symptomatology as well as resistance to therapeutic intervention; therefore, we preliminarily explored again this possible link. However, this result was presently not confirmed in our sample. This incongruence can be due to many reasons: (1) the relative paucity of our sample, (2) the fact that children were observed at a single time-point, with no intervention intended to relief their situation, and/or (3) the fact that this study involved a general population, in which maladaptive bio-genetic-psychological characteristics are less marked than in clinical samples. Roth ([@B20]) demonstrated that, in general, DNA methylation alterations are complexly correlated with psychological and social--contextual factors, which frequently include suffering from psychopathological symptoms. Thus, our first aim was to explore possible correlations between DAT methylation and the presence of maladaptive behavior in the same individual: we focused on psychopathological symptoms in parents and on maladaptive emotional--behavioral functioning in children. In our study, DAT methylation at CpG sites M1, M6, and M7 in mothers was correlated with maternal Anxiety and Phobic Anxiety, whereas methylation in fathers at CpG M6 was related to paternal Depression, Anxiety, Hostility, Psychoticism and a higher score in GSI at SCL-90-R. In children, DAT methylation at CpG M2 was correlated with their somatic complaints, internalizing problems, and attention problems, whereas M6 was related to withdraw.

These results are noteworthy in that they confirm that subjects (both adults and offspring), when suffering from psychological difficulties, can show DAT methylation in several sites of the 5′-UTR promoter region, and that specificity seems to exist in mother's, father's and children's bio-psychological profiles: mothers show DAT methylation in three CpG sites but the correlated symptoms are all in the area of anxiety; fathers show methylation in only one specific CpG, but their symptoms belong to a broader range of problems (e.g., depression, anxiety, and hostility); on the other hand, children show DAT methylation in two specific CpG sites and their symptoms are even broader than fathers', also including Somatic Complaints and Attention Problems. Of course, these results must be confirmed by analyses on a wider sample, but we can still note a sort of pattern in the data: first of all, the CpG M6 is tapped in all these subjects; then, mothers' altered dopaminergic system is seemingly impacting their capacity of coping with anxious symptoms, while fathers and children are facing a more general maladaptive psychological functioning. The interpretation of at least one result, however, is quite clear. Previous studies, in fact, have shown DAT methylation in children with ADHD from clinical samples ([@B36], [@B37]); in our study, we found attention problems in children of a general sample. It can be argued that these children share vulnerability for attention difficulties and behavioral disorganization, which in clinical samples are more severe, whereas in general population they reach sub-clinical levels.

We also explored possible correlations between DAT methylation in mothers, or fathers, and their children. Surprisingly, we found correlations only for the methylation at some very specific CpG sites in fathers and children. No methylated CpG in mothers correlated with any methylated sites in offspring. This result come as unexpected, as the vast majority of studies in this field found such correlations. Although it is intuitive and almost certainly true that the transmission of epigenetic and biological characteristics has a privileged path in the mother-infant *in utero* and peri-natal processes, it could still be possible that fathers have a much stronger weight in passing epigenetic and biological information through generations, associated with their lifestyle and due to yet unexplored biological and relational channels ([@B65]--[@B67]).

With the purpose of understanding the possible causal links between the parental psychopathological symptoms and, transgenerationally, DAT methylation in their children as well as, in turn, between the latter and their own emotional--behavioral functioning, we performed two subsequent linear regressions. The first, explored the possible links between the GSI scores of parents (separately for mothers and fathers) and DAT methylation in children: our results showed that GSI in mothers was associated with offspring DAT methylation at CpG sites M2, M3, and M6; paternal GSI was associated with offspring DAT methylation at all CpGs we investigated (M1, M2, M3, M5, M6, and M7). Consequently, we explored whether children's DAT methylation could predict the characteristics of their own emotional--behavioral functioning. In fact, CpG M2 predicted specific offspring somatic complaints, attention problems, internalizing problems, whereas M6 predicted their withdraw.

DAT1 had been already associated with a wide range of psychopathologies in childhood, including ADHD ([@B57], [@B63]), conduct disorder ([@B68]), and oppositional defiant disorder ([@B69]). Moreover, in adult clinical samples, it has also been found associated with major depression ([@B70]), ADHD ([@B71]), post-traumatic stress disorder ([@B72]), obsessive--compulsive disorder ([@B73]), and alcoholism ([@B74]). Yet, despite these evidences, very few studies have focused on the specific role played by DAT in sub-clinical forms of psychopathological difficulties and in emotional--behavioral functioning of school-age children belonging to community samples ([@B75]). This is the first study to do so, to the best of our knowledge, which includes triplets of subject belonging to the same family (mothers, fathers, and children).

Possible Limitations, Strength, and Implications {#S4-1}
------------------------------------------------

This study has some limitations. First, parental psychopathology and children's emotional--behavioral functioning were assessed, respectively, through self-report and report form measures. Further studies should evaluate these variables through clinical observations and/or clinical interviews, to obtain more robust data on psychological profiles of the subjects ([@B76], [@B77]). Nonetheless, one merit of the present study was to consider the point of view of both mothers and fathers on the psychological functioning of their child, maintaining the differences that have been demonstrated in previous literature ([@B54]--[@B56]) and that concur to a more accurate representation of offspring mental health.

Second, our sample was relatively small. It must be stressed, however, that no other study has, to our knowledge, focused on parents and children in this developmental stage (school-age) by assessing both genotype and methylation, with a comparable attention to psychopathological symptoms. Although rarely performed, the study of psychopathological symptoms in community samples is supported by emerging literature underlining that up to a fifth of normative populations may show psychiatric problems ([@B78]). We acknowledge the fact that regression analyses suggesting a causal link between variables in cross-sectional studies cannot be considered conclusive in their results, due to limited effectiveness of this methodology outside longitudinal research. Nevertheless, some authors ([@B79]) have suggested the usefulness of cross-sectional studies even for assessing causal links between variables, and other authors have suggested that results from relatively small samples are still informative for the programming of assessment protocols and intervention plans ([@B80]), paving the way to more advanced investigations.

Our preliminary results suggest that epigenetic processes (such as DNA methylation) dynamically regulate our genomes responding to early environmental experiences (such as exposure to parental psychopathological symptoms in the first years of life), but they do so not just during the early stages of development but even in school-age children ([@B81]). Furthermore, we found that DNA methylation correlated with sub-clinical psychopathological symptoms, while previous literature focused only on psychiatric conditions, such as Mood disorders ([@B82]), Post-traumatic stress disorder ([@B83]), and Schizophrenia ([@B84]--[@B86]). Besides, this study may have important clinical implication for the prevention and treatment of emotional--behavioral difficulties in children, as it adds to previous knowledge about the role of genetic and environmental factors in predicting psychopathological symptoms within non-clinical populations. This approach can be useful for the identification of early indicators of maladaptive psychological functioning, observed in children well before they crystalize in adolescence and adulthood. Moreover, such studies (that assess individual genetic, biological, and psychological characteristics) can be essential for understanding the differential proneness of vulnerable versus resilient individuals for the onset of symptoms, secondary to inadequate environments and/or relationships (in this case, parental psychopathological symptoms). In fact, it has been demonstrated that children and parents with altered phenotype in dopaminergic system may be less emotionally attuned, due to a reduced sensitivity to reward and reinforcement ([@B87]).
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